Introduction
Mycobacterium avium intracellulare (MAI) is a ubiquitous, saprophytic organism commonly isolated from water and soil. Only a minority of people exposed to the organism develop clinical infection which is usually because of cavitating lung disease or immunosuppression [1] . Organising pneumonia is a non-specific inflammatory process characterised pathologically by the presence of buds of granulation tissue in the distal air spaces [2] . There are numerous causes of organising pneumonia including acute respiratory infections, drugs and radiotherapy. It may also occur in association with connective tissue diseases or appear in isolation when it is known as cryptogenic organising pneumonia (COP) [3] .
We present a patient with emphysema who developed MAI infection in the left upper lobe with coexistent bilateral lower lobe consolidation which was subsequently proven to be organising pneumonia.
Case Report
A 58-year-old woman attended the chest clinic with a 2 month history of progressive breathlessness, cough productive of green sputum, lethargy and nausea. She had lost 12 kg in weight over the preceding 6 months. She had a past history of chronic obstructive pulmonary disease (COPD), hypertension, transient ischaemic attacks and coronary artery disease. There were no risk factors for HIV. She gave a 30 pack-year smoking history.
She was a housewife, did not drink alcohol and had no pets or any recent relevant environmental exposure.
Physical examination was unremarkable apart from signs of hyperinflation consistent with emphysema. A chest radiograph demonstrated cavitating left upper zone consolidation and bilateral basal opacities. Blood tests revealed a mild neutrophilia of 11.7 x10 9 /l (normal, 3.6-9.2 x10 9 /l) and raised ESR of 67mm/h. Chest computed tomography (CT) scan confirmed cavitating consolidation at the left apex with widespread emphysema (figure 1) and bilateral lower lobe consolidation with air bronchograms (figure 2).
Sputum culture and subsequent specific nucleic acid probes were positive for Mycobacterium avium complex (AccuProbe system, Gen-Probe, San Diego). The organism was later identified on multiple cultures and conventional phenotypic methods as MAI.
Due to uncertainty regarding the nature of the lower lobe consolidation, the patient underwent bronchoscopy which demonstrated no endobronchial abnormalities apart from collapsible airways typical of emphysema. Transbronchial lung biopsies (TBLB) and bronchial washings of the left lower lobe were performed.
Histological evaluation revealed evidence of inflamed, ciliated bronchial epithelium with alveolar spaces obliterated by a polypoid cellular combination of fibroblasts, inflammatory cells and foamy macrophages typical of organising pneumonia (OP). No granulomas were seen and stains for Acid Alcohol Fast Bacilli and fungal elements were negative (figure 3). No infective organisms were cultured from the lower lobe washings. Anti-mycobacterial therapy consisting of rifampicin (600 mg/day) and ethambutol (15 mg/kg/day) was commenced. Macrolides and quinolones were avoided, due to intractable nausea and tendonitis respectively when taken previously. Review of her current medication revealed no drugs implicated in causing OP. In view of the biopsy findings, prednisolone 40 mg/day (0.75 mg/kg) was commenced concurrently. Five weeks later, her symptoms and serum inflammatory markers had improved significantly. A repeat chest radiograph showed partial resolution of the basal opacities. Sputum cultures four months following commencement of therapy were negative for MAI. The prednisolone dose was reduced gradually over the course of six months, to a maintenance dose of 10 mg/day. Anti-mycobacterial chemotherapy was withdrawn after 18 months treatment. Two years following diagnosis, she remained clinically in remission and her chest radiograph showed complete resolution of the opacification at both lung bases.
Discussion
We report a patient with emphysema who developed MAI pulmonary infection and co-existing organising pneumonia in remote parts of the lung. This association has been reported only twice and in neither case was organising pneumonia in anatomically distinct areas of the lungs [4, 5] .
MAI has variable clinical manifestations depending on the immunological status of individual patients. Common symptoms include insidious cough, sputum production, weight loss, malaise, haemoptysis and breathlessness [6] . Patients are usually older and more likely to have underlying lung disease, principally COPD, compared with Mycobacterium tuberculosis infection [1] .
MAI has been found in association with other interstitial lung diseases. A recent series described reactions similar in clinico-radiological nature to hypersensitivity pneumonitis. This disease manifestation extends from the organism's ability to colonize natural water sources and systems such as those used for hot tubs [7] . These presentations have components of parenchymal inflammation and infection which differ from other MAI infections [8] . Histological examination from lung biopsies in these patients displayed a granulomatous bronchiolitis in association with numerous non-caseating granulomata within the lung parenchyma [9] and is thus a different clinical entity from the pattern of organising pneumonia in our patient.
OP is a non-specific repair process seen in a variety of clinical settings. It has been reported secondary to numerous infectious agents (table 1) . Other secondary associations include several connective tissue and autoimmune diseases, vasculitides, various drugs, malignancies (especially haematological) and lung radiotherapy [3] .
In cases where no underlying association is found, the OP is termed cryptogenic. Cryptogenic organising pneumonia (COP) was originally described by Davison in 1983 [10] . It is unclear whether COP and secondary OP represent a single disease entity or separate, albeit clinically related conditions.
Symptoms of COP are insidious and non-specific and include a dry cough, mild dyspnoea on exertion, lethargy, fever and weight loss -symptoms which overlap with those of non tubercular mycobacteria pulmonary infection. [11] . Typical radiographic findings of COP and secondary OP are patchy bilateral peripheral alveolar opacities, often flitting in locality [11, 12] . Chest CT scans principally show focal subpleural consolidation and ground glass shadowing is commonly present. Small (<10 mm) bronchocentric nodules are occasionally seen.
The histopathological hallmark of OP is patchy cellular fibrosis, principally within alveoli and less commonly within the distal bronchiolar lumen (bronchiolitis obliterans) [2] . Foamy macrophages are commonly seen in adjacent alveoli and a mild interstitial infiltrate is often present. To make a diagnosis, it is imperative that the pattern of OP is prominent and not an accessory finding in association with another well defined idiopathic interstitial pneumonia.
OP is commonly seen adjacent to areas of infection, tumour or other fibrosing interstitial lung diseases. A TBLB may give insufficient information to enable confident exclusion of secondary processes [13, 14] . In an appropriate clinico-radiological setting, TBLB may be sufficient for diagnosis. Careful multi-disciplinary evaluation to distinguish COP and secondary OP is important as prognosis in terms of treatment response and survival is worse with secondary OP.
Corticosteroids are currently the standard therapy for both variants of OP [15] although spontaneous remission is known to occur. Recent British Thoracic Society (BTS) guidelines recommend initial doses of prednisolone 0.75-1 mg/kg, weaning over 12 months [15] . Clinical response is frequently dramatic, with improvement within 48 hours of therapy, whilst radiographic improvement usually lags behind by several weeks. However, relapse is common as corticosteroid doses are reduced but seldom occurs when the maintenance dose of prednisolone exceeds 20 mg/day.
To our knowledge, the association of organising pneumonia with MAI has been reported only twice [4, 5] . Marchevsky and colleagues reported a 65-year-old lady who presented with multiple discrete infiltrates on chest x-ray with concurrent MAI and organising pneumonia on biopsy from a single apical site. Similarly, Hamada et al recently reported a 67-year-old woman with no pre-existing lung disease who presented with simultaneous MAI infection and organising pneumonia in the same lobar segment [5] . The patient was treated initially for nine months with tapering dosages of corticosteroids only but subsequently relapsed, requiring 18 months of anti-mycobacterial therapy. Omission of anti-mycobacterial therapy led to prolonged and recurrent symptoms, suggesting that MAI infection was the principal disease.
Our patient was treated according to existing BTS Guidelines with Rifampicin and Ethambutol [16] . Newer therapeutic regimens for MAI infection, such as those endorsed by the American Thoracic Society [6] , include the macrolides clarithromycin or azithromycin, which have in vitro and clinical activity against the organism and are concentrated in phagocytes and within the lungs [17, 18] . However, a recent multicentre, prospective, randomised open-label trial conducted by the Research Committee of the BTS failed to demonstrate any additional mortality benefit of Clairthormycin when added to Rifampicin and Ethambutol compared to these two agents in combination [19] . Macrolides have also been used with success to treat cases of organising pneumonia, either as monotherapy or as adjuvants to corticosteroid treatment, due to their immunomodulatory and anti-inflammatory effects [20, 21] . Macrolides have a direct immunosuppressive effect on neutrophil and T-cell function, decreasing the production of interleukin-8, IL-1β, tumour necrosis factor and inhibiting neutrophil oxidation bursts -factors which underlie their utility in the treatment of these diseases [22, 23] .
The potential mechanisms by which MAI and OP are associated are interesting. MAI is known to induce the production of cytokines such as interleukin-8 which is increased in bronchoalveolar lavage fluid of patients with MAI infection [24] . Furthermore, MAI adheres to fibronectin at areas of denuded extracellular matrix in the respiratory mucosa via fibronectin attachment protein [25] . It has been reported that both interleukin-8 and fibronectin genes undergo increased expression in COP, suggesting a role for cytokine activation by alveolar macrophages in the inflammatory process [26] . Thus MAI may act as a trigger for organising pneumonia as in the reported case, although why this would occur in remote areas of the lung is not clear.
In conclusion, we report a patient with emphysema who developed simultaneous OP and fibrocavitary MAI infection in remote areas of the lung. Treatment with corticosteroids and anti-mycobacterial therapy led to a complete clinical response. Multiple discrete infiltrates in combination with MAI infection in the appropriate clinical context should arouse suspicion of concurrent organising pneumonia. The likely underlying immunopathology provides a rationale for the concurrent use of anti-mycobacterial treatment and anti-inflammatory agents. Further studies are required to confirm whether MAI has a causal relationship with organising pneumonia, thus representing a broader clinico-pathological manifestation of MAI pulmonary infection.
